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Abstract This study examined microwave attenuation according to the smoke and wall type in a disaster
environment. When a disaster such as a fire occurs, there is a distortion of drone communication within
the building. An experimental study was performed to compare the microwave attenuation of drones
according to the building materials and smoke. First, the microwave characteristics corresponding to the
four types of walls in a specially designed anechoic chamber 3m x 1m x 1m) were examined to
determine the microwave attenuation for building materials. The propagation attenuation was studied
according to the four types of smoke with the same density in the container space (5.8m x 2.8m X
2.2m). In this study, a communication module based on Pixhawk was designed and was conducted on
microwave attenuation in 4334 for mission mode, 2.4k for remote controller control, and 5@ for image
receiving. The microwaves were not transmitted and decreased significantly depending on building
materials at the radio frequency, which is the leading cause of attenuation. Although microwave
attenuation was not huge according to the fuels in smoke, fuel like urethane, plastic, and rubber have
a relatively reduced compared to wood. In the 2.46 and 56 bands, the decrease in microwave energy

was relatively large.
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Table 1. Comparison of research according to wall and smoke

No Title Atteunation Frequency measurement
1 Different kinds of walls and their effect on the 1 433\, 868\ imulati
attenuation of radio waves indoors|[1] wa 2.4, 5.06k simuiation
Propagation losses through common building Transmission and
2 materials 2.4 (& vs 5 Gh[2] wall 2.4, St Reflection coefficient
3 TmngmlsaOHBS;?E?;;ZF;IZ{;? surement of wall 1 ~ 8t Transmission coefficient
relative attenuation with
4 Microwave attenuation in forest fuel flames[5] flame 9.8 ~ 12.50H network analyzer
phase shift
160 ~ 180l relative attenuation
5 Radio experiments with fire[7] flame 400 ~ 450l with signal generator
850 ~ 900Mk
Measurements on the Effects of Moisture on the i .
6 Complex Permittivity of High Temperature Ash[6] Ash 8 ~ 126k relative permittivity
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Fig. 1. Operation of drones inside buildings
(a) Fire training ground (b) Drone crash
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Fig. 2. Video signal attenuation when operating a
building drone
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Table 2. Drone Communication Module

del Telemetry X8R TS832
moce (4331) 2.46) (5.8)
brand Holybro Frsky Eachine
Photo -b\

SN

A®

g

Size: 28x53x10.7mm
Dehumidifier: 5V
Frequency: 433 Mk (FHSS)
Operation: 25mA
Maximum runtime: 100mW
protocol: MAVLink
Firmware: Open-source SIK

Specification

Size: 47x24x15mm

Voltage range: 4-10.0V
Frequency: 2.40#k
Operating current: 100mA @ 5V

Operating Range: »1.5km (Full Range)

RSSI output: analog voltage output

Size: 54x32x10mm
Weight: 22g
Channel: 40CH
Voltage range: 7-16V
Frequency: 5.80f
Transmission power: 600mA
Video Format: NTSC / PAL Auto

Weight: 16.8g

(0~3.3V)

Purpose Ground control, Autopilot

Drone control Video transmission

2,40 Fur 99 2F3pA = SH R ARESHe
U= UAZ WZ(Pulse W1dth Modulation) ZR2EZE
WHAZ ARESH Qlom, 2FV|NA Hd AojisE
S2A17]0]| 4] whol HEHOZ PixhawkolA A=t
Pixhawk A|AEL 7|EH o=z x=v]8(AutoPilot) i
Hol, 433l Fut9] dEHER] RETORE 2-80]
7SR 2,409 2FA71E 71A &0l gt
v Aol tiu|sle] 5 2FZ HHOR ApFoR
TAsflok stet. Al HAE, 5.86k Sk Y] JA4F
SA71= 2.40°1 BIsH ZHo] WA 2 om, o]o e}
B4l AAAZo] 7] o] 2-8X17F Aol oJEsto]
ZZ3l= ®4]Q1 FPV(First Person View) 52 289
AgsitH13].

4331 DeFEDS} 2.46:0] 25441719 Aoj4ls
= Pixhawk A|AEIA A2]=]7] uﬂ_‘,__oﬂ Fig. 49} Zo]
PixhawkellA] &5 ZEO] ddsto] M-S QIgh
o, 589 FFEA7E 71A A= ufAE]
A HE AY viAE F7Fste] CCD7HH 2Rt A st
1, 4070 Ad F 170 AE(5.8654M)< Aste] I
H Foedidoz oot

Fig. 3. Drones built with the Pixhawk system
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Fig. 4. Pixhawk Drone System Connection Diagram
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Fig. 5. The experimental set up for microwave
attenuation measurement by the type and
thickness of the building material
(a) structure of measurement set up
(b) photography of measurement set up
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Fig. 6. The experimental set up for microwave
attenuation measurement by smoke
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by urethane
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where, P denotes receiving power, /A denotes
transmitting power, G denotes transmitting gain,

G: denotes receiving gain, / denotes wavelength,

R denotes distance between Rx and Tx
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Table 3. Measurement result of the received power
according to the building material in terms
of frequency

Frequency| concrete | tiled brick | brick wall block

4330t -18.60dBm | -17.88dBm | -17.10dBm | -17.54dBm

2400 -25.58dBm | -22.90dBm | -26.14dBm | -23.13dBm

5.8656k | -45.96dBm | -45.1dBm | -44.97dBm | -44.54dBm

Table 4. Measurement result of the received power
according to the concrete width in terms
of frequency

concrete

width 433\ 2.40H 5.865(f:
200mm -18.60dBm -25.58dBm -45.96dBm
150mm -15.15dBm -22.53dBm -45.62dBm
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Table 5. Measurement result of the received power
according to smoke type when full of
smoke layer

Frequency wood plastic urethane rubber
433 | -15.47dBm | -15.65dBm | -15.88dBm | -15.83dBm
2.46H -22.15dBm | -22.65dBm | -22.94dBm | -22.59dBm

5.8650 | -26.12dBm | -27.67dBm | -27.15dBm | -26.50dBm
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Table 6. Time taken to fill container with smoke

layer
wood plastic urethane rubber
(time) (time) (time) (time)
13°30" 830" 3’ 5

Table 7. Summary of the temperature of the smoke
layer in Tx and Rx part.

Frequenc wood plastic urethane rubber
R IS (©) (©) (©)
Tx
Gnitial) 17.4 17.9 19.9 20
Rx
(initial) 17.2 18.6 20.3 20.7
Tx
(Final) 38.8 43 43.5 44.4
Rx
(final) 41.5 44.7 41.4 41.6
Table 5& &0l W} 4l== AgE gAY
(5.8650), =F FA171(2.46H), VF-E 2F 54171433
M) 2 YeRHITE ESE Table 6= AREE AAA|
A7l o3 =7} 00] E W A8FHE AR B

o, Fig. 99} Table 500419} o] A}-g7tol| B3]
A =AY A7t 4331 HE A= 2 0.65dBm
(A=), 2. 4@ o= Hh 1.54dBm (=), 18
I 5.865( tYolAE 2.41dBm(EetAE)olt}. TSt
AR Uehies £A-EL 433 HYolde
0.41dBm, 2.46 HHHollA= 0.79dBm, 56 tHGolA=
1.17dBmoe]tt. A--37tol| M) =41 a} vlwsA A
o FAe A gon Fukg: HE AR EE A8 o
HAE A9 H|oHA ettt 8y e, St
g, 159 Fe EA 9 mls] Auprt diiFor o FA
aasiilon Aa F fE7tAe B9 A4RE Qg
I&50] A oiy] Azt o] JFE vy T 5
Ut

E3 AH o R whto] B2 2,40 tH 2} 56 th
NAE 4331 YR} Z4aZEo] At} Table 59144
k9] B Ad Al HAsk= Q719 QJsh ZIHo]
Y 372 385 2488 A(lux)ollA 08 A(lux)E Fha
3 7P wEA 4717 PP 59 He= da
== Algko] 7 gol 48 =itk Table 72 Tx %
Rx 9] d71%9] 255 YeRHt Table 704 X
Luel Zo], 20T 45CE Al7to] Aol uket 571
St A4 Al HAYshe A715S SR Al
2ol w2t 22T, d7159Y 22+ A9 sttt
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